As food-engineering processes affecting fruit quality, the influence of softening process on date fruit texture was the aim of this experimental study. Annual production of dates in the Arabic countries is about 65.23% of the world production, which commonly used consumed in Tamr stage (fresh fruits) where fruit moisture content becomes less than 30%. Three different temperatures (50, 60 and 70ºC) and five different exposure time (15, 30, 60, 120 and 180 s) were used to study and examine their effect on texture profile analysis (TPA) characteristics of date fruit (Sukkari). The obtained results showed that, the exposure time had more effect on the total color difference than the softening temperature. The obtained data also revealed that, the results of TPA characteristics tests were significantly affected by exposure time than softening temperature except adhesiveness and cohesiveness.
INTRODUCTION
Date fruits (Phoenix dactylifera L.) are considered one of the most important fruit in Middle-East region for its social, religion and economic issues. Approximately 65.23% of the world production is produced in Arabic countries (FAOSTAT, 2014) . In addition to the fact of that date fruits have significance as a stable food, their use in date products and industrial applications have been increased. Saudi Arabia takes the third place in the world production with 1 031 082 tons, which represents approximately 37% of those goes to manufactures (Calculated from Indicators of the Dates industry in Saudi Arabia 16 th Issue). As a result, studying engineering processes on date fruits is essential from either quality point of view or design and performance point of view. Variation in characteristics of date fruits lead to differences of their quality. Date quality is determined based on physical properties (color, size, shape … etc.) and mechanical properties which characteristics absence of defects or damages (Ait-Oubahou and Yahia, 1999) .
Softening process is one of those vital processes in dates industry, were fruits exposed to a stream of hot air can affect the texture and fruit color. Typically, force-deformation curves have been used to illustrate textural attributes of food materials and processed food products as well (Myhara et al., 2000) .
Many studies were conducted on the texture of many food and food products, but few of them are available on the texture of dates. The firmness of dates as a function of maturity has been studied by Myhara et al. (2000) , they reported that firmness decreases with mature increase. Instrumental texture profile analysis (TPA) for date flesh was performed as a function of moisture content (Rahman and Al-Farsi, 2005; Hassan et al., 2005; Vandita et al., 2013 and Abdullah Alhamdan et al., 2014a,b,and c) . Those works studied are focusing on the effect of engineering processes on date quality, therefore, this research work aims to study the influence of softening process on dates fruit quality by mean of total color difference, texture profile properties and sensory attributes.
MATERIALS AND METHODS
The experimental work was carried out during the production season of 2013 at College of Food and Agriculture Sciences, King Saud University, Riyadh, Saudi Arabia. Seventy-five batches (50 kg each) of Sukkari cultivar were used in a pilot scale date fruits packaging line as shown in Fig. (1) .
Descriptions of softening process
The date fruits were initially cleaned using air stream on vibrated belt then sorting was manually done according to its condition and size to produce homogenous quality and size where the dates is sorted. The rotten ones were separated and the rest was further passed on via conveyor belts to the next washing step. In washing section the dates passes through washing drums with water showering nozzles. The water was then automatically drained through the small pores in the conveyer belt. Then the fruits conveyed to softening section when the fruits exposed to hot air stream for a period of time. Three different temperatures of 50, 60, and 70°C were utilized during this research work using a control panel of temperature. Five different exposure times of 15, 30, 60, 120 and 180 seconds were employed in this study. The exposure times was controlled by changing the speed of belt conveyer.
Fig (1): Pilot scale packaging line

Color measurements
The color of date fruits were measured using a Hunter color-measuring instrument (LabScan XE by Hunter Associates Laboratory, Inc., USA). The CIE Lab co-ordinates (L*, a* and b*) was displayed and recorded the data by software program. In this coordinate system, L* is a measure of lightness ranging from zero (black) to 100 (white); a* positive values indicate amounts of red while negative values indicate amounts of green, and b* positive values indicate amounts of yellow while negative values indicate amounts of blue. The total color difference (ΔE) was estimated from the following equation:
Where:
, and are the basic values of the color parameters.
Texture profile analysis (TPA) measurements
After softening treatment, the samples were allowed to cool for 2 h at room temperature (22±1°C), and the texture profiles analysis were measured. A texture analyzer (Model TA XT2i, Stable Micro Systems, Surrey, England) was used to measure the force-time curve using two-cycle compression test as explained by Rahman and Al-Farsi (2004) . The Texture Analyzer software provided with the instrument automatically controlled all tests. For each softening treatment, 15 individual fruits were subjected to the TPA test.
As explained by many researchers (Rahman and Al-Farsi, 2004; Fadel et al., 2006; Kader and Hussein, 2009) , six attributes were determined from the force-time curve which were; hardness, cohesiveness, chewing, elasticity, brittleness (N) and adhesiveness.
Statistical analysis
The effect of temperature and exposure time on TPA and color attributes were statistically studied using Statistical Analysis System software (SAS, version 10, SAS Institute, Inc., Cary, NC). In all analyses, the differences within the levels under each variable were tested at 95% level of confidence using the least significant difference (Duncan's) method of comparison of means.
RESULTS AND DISCUSSION
Color change
The desired color of the Sukkari is the more in lightness, redness, and yellowness (Al Hussien et al., 2015) . The mean values of the color parameters after softening process treatments are listed in Table (1) . The temperature did not affect (L*) at 50°C, 60°C, and 70°C. A similar trend was observed in the (b*) values. The measured (a*) values indicated that, the redness component ranged from 10.10 to 13.71; however, (a*) increased with temperature increases. Consequently, (a*) was affected by temperature. All color components (a*), (b*) and (L*) at the softening temperatures were affected by the exposure time. The minimum changes for the three-color components occurred at a low temperature of 50°C and 15 s of exposure time. On the other hand, the total color deference (TCD) ΔE based on the fruits before softening could be used to distinguish changes in fruit color.
Three different intervals were used to distinguish changes in color values depending on ability of the human eye to appreciate differences in color: ΔE< 1, invisible to the human eye; 1.0 < ΔE < 3.3, invisible only by a skilled person; and ΔE > 3.3, easily observed (Al Hussien et al., 2015) . Using this scale and the obtained results listed in Table ( 1), most of the color changes during this study were greater than 3.3, thus, they are easily observed. The results revealed that at softening temperatures of 70°C at 60 and 120 s of exposure, the changes to TCD were minimal and not recognized easily except by trained people. The fruit color was remarkably degraded, especially at 70°C for 180 s exposure times. Thus, softening at this level of temperature and exposure time might not be a good choice.
Texture profile analysis (TPA)
The effect of the softening temperature and expuser time on the six TPA attributes after each softening treatment compared with that before treatment is revealed in Fig. (2) . The statistical significance of each property was determined using 15 replicates and all pair-wise comparisons were performed by Duncan method with a confidence interval of 95%. The results revealed that all texture properties were affected under certain conditions by the softening temperature and exposure time as compared with the fruits before softening process, the process increase all properties. The range of hardness of the soften fruits was 11.92:130.62 N, their brittleness was 4.03:119.41 N. The cohesiveness and elasticity were not affected greatly in most cases by softening conditions and the ranges of these properties were 0.15:0.56 and 0.53:0.87, respectively. In general, the softening conditions increase these properties relative to those of the fruits before softening. These changes reflect reductions in the internal forces binding the fruits constituents (cohesiveness), the rate in which the fruit retains its original state after the release of an exerted force (elasticity). Generally, high adhesive forces between the fruit and the compression disk occurred for fruits soften at a temperature of 60°C and exposure time of 120 or 180 s, likely because some of the date syrup diffused to the surface of the fruit skin. Sticky date syrup covered some of the date fruits during certain experiments (Al Husien et al., 2015) . The chewing property, which returns to the force required for chewing the solid flesh of the date fruit to be ready for swallowing, ranged between 2.97 and 29.61 N for the dried fruits. The TPA properties of whole date fruit of Sukkari cultivar at Tamr stage of maturity before and after softening process are summarized and listed in Table ( 2). 
CONCLUSION
Both TPA and color attributes were affected by the exposure time of whole date fruits of the Sukkari cultivar in softening process. The effects of softening temperature and exposure time on the color of whole fruits were quantified from experimental measurements of basic color parameters L*, a*, and b*and the TCD (ΔE). The effect of exposure time was more noticeable than that of temperature. As expected, the minimum changes of the three basic color components of the soften dates from those of just before softening occurred at the lowest temperature of 50°C, whereas the greatest changes occurred at the highest temperature of 70°C. The TCD (ΔE) relative to the color of the fruits just before softening was considered an indicator of the variation in the total fruit color after softening. The drying conditions affected the properties of the TPA of soften dates in comparison to those of fruits prior to softening. As expected, the huge variation in the fruits properties before softening, the attributes will behave improperly. In brief, enlargement of sample size and good grading can make different results.
